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GGOT TOTAL PRESSURE LOSS CONTROL 


CONCEPT EVALUATION 


/97T//9009 


R. F. BLUMENTHAL 
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Total pressure loss is one of the most important parameters in the design of a 
turbine. This parameter effects not only the turbine performance, but consequently the 
engine power balance and engine performance. Computational Fluid Dynamics (CFD) 
can be an effective tool in predicting turbine total pressure loss, and also for performing 
sensitivity studies to achieve an optimal design with respect to pressure loss. In the 
present study, the AEROVISC code was used to predict the total pressure loss in the 
Turbine Technology Team Gas Generator Oxidizer Turbine (GGOT). 

The objectives in this study are two-fold. It is first necessary to determine an 
optimal methodology in predicting total pressure loss. The type of grid, grid density and 
distribution are parameters which may effect the loss prediction. Also, the effect of 
using a standard K-e turbulence model with wall functions versus a two-layer turbulence 
model needs to be investigated. The use of grid embedding to resolve areas with high 
flow gradients needs to be explored. The second objective of the study is to apply the 
optimal methodology toward evaluating different tip leakage control concepts. 

The approach taken in this study was as follows: 

1 ) A nominal baseline case was run (baseline grid with standard wall 

functions) 

a) Grid parametrics were performed on grid density 

b) Grid embedding was applied to the rotor leading and trailing edges, 
and in the tip region. 

c) Evaluation of a two-layer turbulence model (in progress) 

Each of the above cases were assessed in terms of total pressure loss in 
comparison with the baseline case, and in terms of the difference in secondary flow 
resolution in comparison with the baseline case. 

2) The optimal methodology from Step 1 is applied towards evaluating 

different tip leakage control concepts which will include 

a) Hollow rotor 

b) Hollow rotor with partitions (labyrinth seal approach) 

c) Hollow rotor with partitions and suction-side rotor slots (to reduce 

fluid impingement angle) 

As this work is still in progress, conclusions are not available at this time. 
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OXIDIZER TURBINE BASELINE DESIGN 

Full Scale Turbine Flowpath 





Propulsion Division 
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EXIT STATIC PRESSURE USED FOR PRELIMINARY PARAMETERICS 
BASED ON STATIC PRESSURE SPECIFIED AT ONE NODE IN EXIT PLANE 
(PS=2155 PSI AT CENTER OF EXIT PLANE) 
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PROVIDED BY P&W FROM EULER CALC 


baseline results Propulsion Division 
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EenCDRP baseline results Propulsion Division 
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BASED ON STATIC PRESSURE SPECIFIED AT ONE NODE IN EXIT PLANE 
(PS=2152 PSI AT CENTER OF EXIT PLANE) 



o 

<2 

'> 

Q 

c 

o 

Jfi 

D 

Q_ 

O 

Q. 


C /5 

</) > 

SB 

1 1 1 I— 
tr c /5 
D > 
C /5 <J 
c /5 z 

LU UJ 

£ Q 

z 

UJ 
0. 
LU 
Q 

q 

QC 


< 

£ 

§ CD 

< D ' 


LU 

Q 

O 

2 

LU 

o 

z 

LU 

_l 

D 

m 

cr 

D 

I- 

tr 

LU 

> 

< 



gfi§i 

|fco8§ 

LU < JT QC LU 

?> 2 i§ 


iz 2 

- i g g 

|s5| 

58 


LU < 

S 5 

o ' 

3 0 C 
< 
UJ UJ 

* 2 

*8 


gss 

3 J UJ 

og® 

7 O 


S 1 

UJ 2 

O co 
Z uj 

LU 


z 
0 
3 

LU 

oc 

UJ 

52 S 

> UJ 

t * 

S <0 

UJ LU 

AC 

? 

s 

-J 

D 
O 


i s 

5 a 

” z 

LU ^ 


8 

Z 


f 8 


“ C/5 


UJ ^ 


£i£ 2 o 

£ § ® z 

^ IL uj m 

|ig||l 


O W 


5 |op 

-j » *- h 
i tt AC < 
< 111 X 


UJ 




LU O 

58 « 


z w 


-I 

g- 
< v 
CL CO 

3 3 

g £ 

Q > 


Of 


C/5 


< 

G 

2 Q *- 

_i Q J±i v 
UJ UJ g <4 

0 (4 Z 3 

1 = 2 S! 

¥u 27 §> 
f“ P AC z 

£§£ -SCO 

o o < g B 3 

_J UJ -J Z c UJ 

£ i A < g 5 

58p||* 

UJ < UJ <4 LU Z 

f O j m 
>FO g 


Cl 


i* 


CO 


UJ 


1384 





1385 


c 

o 

<0 

'> 

Cl 

c 

o 

J2 

D 

Q. 

O 

CL 


CO 

CO 

O 


UJ 

CC 

D 

CO 

CO 

UJ 

a: 

CL 


s 


8 


> 

a 

D 

h - 

CO 

> 

<J 

z 

UJ 

a 

z 

UJ 

CL 

UJ 

a 

g 

ac 

o 


a. 

k 

□ 

u 

z 



|jj 


□ 

rr 

iu 



1386 













c 

o 

55 

'> 

b 



< 

D 

< 

> 


K 

Z 

UJ > 

?§ 

265 

CL 

I— 

a. 

K 


3 

o 



2 

0 

2 

< o 
co 


UJ I 

Si 


oo 

O 


CNJ f- 

i . § 

6 n 


00 

(0 

O 

Q. 


CVi 

rv 

;o 


s 


o 

00 


CO 


UJ 

o 

Z 

< 

QC 

< 

UJ 

-J 


UJ 

CO 

< 

a 


00 


a. 

< 

C3 

O 

CO 

N 


a. 

< 

a 

2 

O 

z 


a. 

< 

O 

2 


u. 5 

®5 


s 


co 


co 




N 


1387 


1MIZE DIFFERENCES BETWEEN DIFFERENT TREATMENTS. GOOD TIP TREATMENT 
iATES WI.L THEN BE ASSESSED AT THE NOMINAL CLEARANCE. 
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